Large data samples collected at the B-factories provide an opportunity to explore rare twomeson production in e + e − annihilation, which allows us to investigate the energy dependence of various meson form factors and shed light on hadron structure and hence the strong interaction. These studies also supply information on the wave function of hadrons.
For a center-of-mass (CM) energy √ s much larger than resonance masses, one expects that the proportions of the cross sections of ωπ 0 : K * (892) 0K 0 : K * (892) − K + production equal 9:8:2 [1] if SU(3) flavor symmetry is exact. However, this relation was found to be violated severely at √ s = 3.67 GeV and 3.773 GeV by the CLEO experiment [2] , with the ωπ 0 cross sections smaller than those of the K * (892) 0K 0 , and the ratio R VP = σ B (e + e − →K * (892) 0K 0 ) σ B (e + e − →K * (892) − K + ) greater than 9 and 33 at √ s = 3.67 GeV and 3.773 GeV, respectively, at the 90% confidence level (C.L.) [3] .
By taking into account SU(3) f symmetry breaking and the transverse momentum distribution of partons in the light cone wave functions of mesons, a pQCD calculation [4] can reproduce most of the CLEO measurements with reasonable input parameters, and the corresponding cross sections at √ s = 10.58 GeV are predicted. The calculation predicts R VP = 6.0, which is far below the CLEO lower limits and may indicate deficiencies in the model assumptions. The same calculation also predicts that the cross sections of e + e − → vector-pseudoscalar (VP) vary as 1/s 3 rather than 1/s 2 in Ref. [5] or 1/s 4 in Refs. [6] [7] [8] ;
this can also be tested by combining the measurements from CLEO and the B-factories. At Belle, the cross sections of e + e − → φη, φη ′ , ρη, ρη ′ have been measured at √ s = 10.58
GeV; however, no definite conclusion about the energy dependence of e + e − → V P can be drawn [9] .
In the quark model, the tensor states K * The data were collected with the Belle detector [10] operating at the KEKB asymmetricenergy e + e − collider [11] . The final states are
The generator mcgpj, developed according to the calculations in Ref. [12] , is used to generate Monte Carlo (MC) events with the exact next-to-leading order radiative corrections applied to all the studied processes. Generic e + e − → uū/dd/ss MC events, produced using pythia [13] , are used to check background contributions.
The Belle detector is described in detail elsewhere [10] . It is a large-solid-angle magnetic spectrometer that consists of a silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter comprised of CsI(Tl) crystals (ECL) located inside a superconducting solenoid coil that provides a 1.5 T magnetic field. An iron flux return located outside of the coil is instrumented to detect K 0 L mesons and to identify muons (KLM). For each charged track except those from K 0 S decays, the impact parameters perpendicular to and along the beam direction with respect to the interaction point are required to be less than 0.5 cm and 4 cm, respectively, and the transverse momentum must exceed 0.1 GeV/c in the laboratory frame. Well-measured charged tracks are selected and the numbers of such charged tracks are two for the π + π − π 0 π 0 final state and four for the K
For each charged track, we combine information from several detector subsystems to form a likelihood L i for each particle species [14] .
as a kaon, while a track with R K < 0.4 is treated as a pion. With this selection, the kaon (pion) identification efficiency is about 85% (89%), while 6% (9%) of kaons (pions) are misidentified as pions (kaons). For electron identification, the likelihood ratio is defined as
, where L e and L x are the likelihoods for electron and non-electron, respectively. These are determined using the ratio of the energy deposited in the ECL to the momentum measured in the SVD and CDC, the shower shape in the ECL, position matching between the charged track trajectory and the cluster position in the ECL, hit information from the ACC, and specific ionization (dE/dx) information in the CDC [15] . For muon identification, the likelihood ratio is defined as
, where L µ , L π , and L K are the likelihoods for muon, pion, and kaon, respectively. These are based on track matching quality and penetration depth of associated hits in the KLM [16] .
Except for the π + π − pair from K 0 S decay, all charged tracks are required to be positively identified as pions or kaons. The requirements R µ < 0.95 and R e < 0.95 for the charged tracks remove 9.3% of the backgrounds for K 0 S K + π − with negligible loss in efficiency. 
The distributions of M(π
+ π − π 0 l ) versus M(π + π − π 0 h ) for the π + π − π 0 h π 0 l final state and M(K 0 S π − ) versus M(K + π − ) for the K 0 S K + π − final
FIG. 1:
The scaled total energy X T distributions for the selected e + e − → π + π − π 0 π 0 (top row) and ω and φ mass regions are from the normalized
In the normalization, the expected ISR events are calculated with
L is the integrated luminosity and σ prod is the production cross section. We perform unbinned maximum likelihood fits to these mass distributions, as shown in Fig. 3 . The signal shapes of ω, K * (892), and K * 2 (1430) are obtained directly from MC simulated signal samples [20] . The combinatorial backgrounds are modeled by a second-order Chebyshev polynomial and the additional normalized backgrounds from
The fitted results are shown in Fig. 3 and listed in Table I .
The significances and the upper limits listed in Table I are obtained by evaluating the 
GeV, 10.58 GeV, and 10.876 GeV data samples. In the π + π − π 0 π 0 panels, π 0 h and π 0 l represent the pions with higher and lower momentum in the laboratory system, respectively. The events between the dotted lines will be selected to search for ω, K * and K * 2 signals.
likelihood profile. To take into account the systematic uncertainty, we convolve the likelihood function with a Gaussian whose width equals the total systematic uncertainty. There are several sources of systematic uncertainties for the cross section measurements.
The uncertainty in the tracking efficiency for tracks with angles and momenta characteristic of signal events is about 0.35% per track and is additive. The uncertainty due to particle identification efficiency is 1.7% with an efficiency correction factor of 0.98 for each pion [22] . Uncertainties on the branching fractions of the intermediate states are
taken from the PDG listings [23] . According to MC simulation, the trigger efficiency is greater than 99% so the corresponding uncertainty is neglected. We estimate the systematic uncertainties associated with the fitting procedure by changing the shape of the background and the range of the fit and taking the differences in the fitted results, which are 1.0%-32% depending on the final state particles, as systematic uncertainties. The uncertainty due to limited MC statistics is at most 2.4%. The form factor dependence on s is assumed to be 1 s in the mcgpj generator for the nominal results. The differences in the efficiency compared to the assumption of 1 s 2 dependence for the form factor are taken as the systematic uncertainties due to the generator uncertainty, which are 1.5%, 0.9%, and 0.9% for the ωπ 0 , K * (892)K, and K * 2 (1430)K, respectively. We take 2% systematic uncertainty due to the uncertainty of the effect of soft and virtual photon emission in the generator [12] . The efficiency differences are 0.7% and 1.3% for ωπ 0 and K 0 S K + π − final states, respectively, when including or excluding final state radiation [24] ; these are included into the uncertainty of the generator. Finally, the total luminosity is determined using wide angle Bhabha events with 1.4% precision. Assuming that all of these systematic uncertainty sources are independent, the total systematic uncertainty is 6.8%-33%, depending on the final state, as shown in Table II . in Ref. [4] . In contrast, we do not observe a significant signal for e + e − → K * (892) − K + and the upper limit of the cross section at 10.58 GeV is much lower than the prediction from the same calculation [4] . The measured cross section of e + e − → ωπ 0 is much smaller than the calculated value of about 240 fb using the theoretical formulae in Ref. [5] . After subtracting the continuum contributions, the net contribution to the cross sections from Υ(4S) and Υ(5S) decays is determined to be (−4.5 ± 3. Based on the likelihood curves of the cross section measurements, in which the relevant systematic uncertainties are convolved, we obtain: = 0.054, in rough agreement with the experimental measurement [26] . In the same model, however, the radiative transitions between K * (892) and K were also calculated, and a ratio Γ(K * (892) 0 →K 0 γ) Γ(K * (892) + →K + γ) = 1.7 was obtained, which is very different from the measurements of R VP from both this and CLEO [2] experiments.
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